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OF A 0.1536c THICK DOUGLAS AIRFOIL SECTION OF

NACA 7-SERIES TYPE EQUIPPED WITH A LATEPAL-CONTROL

DEVICE FOR USE W ?H A FULL-SPAN DOUBLE-SLOTTED.

FLAP ON THE C-74 AIRPLANE “

~ Robert J. Nuber ~d 3red-J. Rica, Jr.

.: .
TKTRODUCTZC)H. . . .

A raoent trend in the design of Iorig-rangea~rplanes
has been toward the use of high wing lo.zdlngsend large
aspeat ratios. As a result of this trend, full-span flaps
are often required for satisfactory ta!?e-o.l’ffindlending
charscterlst~cs, and the problem of obtntnin~ adequate
latere.1control in Coiljur?cttcmlwtth 9 l’ull-s~anflap has
presented itself.

At thb”request of the Army Air Faroes, Air Teohnlcal
Service Command, lift tests of a two-dimensional airfoil
model equip~ed with a double-slotted f’lwp”andlaterAl-
oontrol devicew@?e made in”the-Lqley two-dtmension”al
low-turbulence pressuzw ttum%l~ The model re resented

7tti master outbohrd wing seqtlon (station 950 of the
pr,oposedDouglas c-74 airplane. The tests were made for
the most part at a Reynolds number of’app~oximately 6,000,00~
pfimarl.ly~or the pufiose of’deter@nlng the flap settings
whioh would”give adequate maxlmu.mlift:and lateral control
oharaoteristlos for both the take-off and landing oon-
ditionso Several additt”onaltests were made to determine
the effect of Reynolds number, “roughness,and sealed gaps
on the-li’ft’oharaoteristtos..- .. .. . .
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COtiFFI”CIENTS

MR NO. L5C24.B

AND SYMBOLS . ‘ .

The coefficients and symbols used herein are defined
as follows;

section lift coefficient

section angle of attack measured from the model
reference line (degrees)

flap deflection (degrees)

aileron deflection (degreesj

flip deflection (degrees)

increment df section angle of attack (degrees)

model chord (Inches)

Reynolds number

The model, submitted by the Douglas”Aircraft Company,
represented the master outboard wing section (station 950)
of the proposed C-7~ airplane and was a ~-inch-chord,
two-dimensional 3ou.glaswing section having the contour
of an NACA ‘7-seriestype airfoil. Ordinates for the
plain airfoil, given in percent of the chord and measured
with respect to the wing reference line, are presented
in table I. Photographs of the model are shown in
figure 1. The general outline of the model, which had a
maximum thickness of 0.1536c and which was equipped with
a double-slotted flap, contour &Frlseaileron (aileron),
and slot-lip aileron (flip), Is shown in figure 2.

Figure 3 shows the arrangement of the control
surfaces in their neutral positions, flap retracted and
deflected 50°. Also Included in figure 3 are the
dimensions of the control surfaces and the locatlon of
their hinge lines. The double-slotted flap consisted of
two parts. The forward portion of the flap, designated
as a vane, was separated from the main part, designated
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the,-rearflap, by a secondary slot..-.,— The double-slotted.,....-
flap, whldioperat0c9 ha a unit”with no’relative-motion
between the vane and the rear flap, rotated about a
fixed hi~e line located below the model. The aft
portion OF the rear flap, which was
forward portion of’the rear flap by
used as an aileron and rotated with
A rear portion of the upper surface
as a flip which was movable about a
the model.

TESTS

Moat of the Included data were”

separated from the
a tertiary slot, was
respeot to the flap.
of the model was used
hinge line fixed in

obtained at a
Reynolds nmnber of approximately 6,001),000using the
test methods describe-dIn reference l,”primarly for the
purpose of approximating the flight Reynolds number for
the landing condition which is estimated to be about
5,400,000. These data have been corrected for tunnel-
wall constrictionby the following formulas

‘2 =.0.975 cl!

where the primed quantity represents the value of the
lift coefficientmeasured in the tunnel. Some lift
characteristicswere obtained at Reynolds numbers of ““
approximately 3,000,000 and 9,000,000 which correspond
to dynamic pressures of approximately 26 and 96 pounds
per square foot and Mach numbers of approximately 0.060 ●

and 0.100,.respectively. The pressure of the air in the
tunnel was varied between absolute pressures of approxi-
mately 30 and 95 poynds per square inch. Standard
roughness was applied to the leading edge of the modbl ~
by the methods described.in’reference 1. In addltlon, a
test was made with transition fixed on the upper surface
of the model. This was done by appl~ng a 3~inch-wide
roughness strip, located just forward of the flip, over
the whole span of the model. Another test was conducted
with rouglmess on the entire lower surface of the flip.
The sealed conditions were simulated by.insez?tingmodeling
clay in the gaps. ~ outline of the test program 1s given
in table II.

.
Because”of the large number of tests involved in

determining the characteristics of the lateral-control

—-
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surfaces at any particular flap setting, a preliminary
survey was made to facilitate the choice of flap settings
(primarily for landing) for which more complete tests
would be made. For this preliminary survey, with the
lateral-control surfaces neutral, the llft characteristics
were obtained at flap deflections of 0°, 10°, 200, 30°,
LOO, 50°, 52.50, and 55°. Addi.tlonaltests were made to
detemnine the effectiveness of the aileron and flip at
the selected flap deflections and to study the causes of
the flap stall.

RESULTS AND DISOUSSION

Maximum Lift Coefficient

Variation with flap deflection.- In order to be
certain that satisfactory maximum lift coefficients were
obtainable with the pres~nt arrangement of the control
surfaces and the flap, a series of tests were made with
the flap retracted and deflected in small increments to
a maximum of 55° (control surfaces neutral). The results
of these tests, presented In figure 4.,appear to be
normal for flap deflections through 40° and indicate that
the m~imum section lift coefficient increases from 1.62
with the flap retracted to 3.13 with the flap deflected
52.50. With the flap deflected 500 the flow is unstalled
only for section angles of attack less than -16o althaugh
at this flap deflection the maximum section lift coef-”
ficient was 3.07 as compared with 2.85 for the flap in.
the 40° position. Because of the small changes in
section lift coefficient for flap deflections of 52.5°
and 55°, the flow appears to be partially stalled
throughout the entire range of angles of attack investi-
gated for these flap settings. With the flap deflected 55°,
a hysteresis effect in the lift curve is observed between
angles of attack of 0° and 4°. Although a maximwu

section lift coefficient of 3.13 was obtained for the
52.5° flap deflection, subsequent tests were limited to
maximum flap deflection of 50° In order to be sure of
avoiding the dangerous hysteresis characteristics
occurring with the flap deflected 55°.

Effect of sealing various gaps.- The results of the
tests with he aileron gap sealed (not faired) and with
all the gaps open are presented In figures 5, 6, 7, and 8
for flap settings of Oo, 250, k50, and 500, respectively,
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..- wlth the flip neutral and with ,theaileron
Figure 9.presents &he”zeSultAimofthe.tests.
gaps sealed for the configuration with the

5

deflected.
with.wariohq ;
fla~ retracted

and with the control surfaces neutral. Values-of the
maximum section llft ooefflclent obtained at several flap
deflections, gaps sealed and.unsealed, are tabulated
below for the condition with the control surfaces
neutral..

Maximum section lift ooef’f’ic~ent

Conl?iguratton Flap deflection,”L8f

00 250 45° 500

All gaps open 1.62 “$,?J 2.90 3.07
Aileron gap sealed . ,;a3 ●

?
2.90 3.15

Flip gap sealed
Gap A and flip gap pealed 1:d

---- ---- ----
---- ---- ----

Gap~~a’~~ed, aileron gap 1.5~ ---- ---- ----

All gaps falred” 1-54 ---- ---- ----

Sealing the aileron gap reduced the maximum section lift
coefficient with the flap retracted regardless of the
condition of the other gaps. Sealing the aileron gap
resulted in an increase In the maximum section lift ine-
fficientwith the flap deflected 50°.

Aileron and Flip Effeotlvenese .

The lift characteristics bbtained in dete&intng the
aileron and flip effectiveness at the fo~ previously
tested flap settings of Oo, 250, 450, and 500 -e sk.wn
in figures 5 to 8 and 10 to 15. Data from these flgures
are presented in figures 16, 17, 18, and 19 as the
variation of the increment of section angle of attack A%
with aileron deflection, for various deflections of the
fllp, at a lift boefflcient whioh was oonstant for.eaoh
flap setting. It is observed in figures ~6.and 17, with
the flip neutral and with the flap deflected 0° and 25°,
respectively, that sealing the aileron.gap had no
appreciable effect on the variation of “ A% with aileron
deflection. At flap deflections of 45° and 50°, however,
with the flip neutral (fi.gs~18 and 19), sealing the
aileron gap resulted In a reversal of A% for all

.
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positive aileron deflectlons investigated. Figure 18
shows that for the flip-neutral condition (af = 45°)s
the aileron is ineffective for small deflections.
Between aileron deflections of about -20 to -70, with the
flip neutral, the increment of section angle of attack
increases rapidly and is about the same for both
conditions of the aileron gap. d%r aileron deflections
more negative than about -7°, however, A% is greater
when all gaps are open. For all negative aileron settings
investigated with the flap extended 50° and with the flip
neutral, the Increment of section angle of attack is
larger when the alleron gap is sealed (fIg. 19).

It is observed i-nfigures 17, 18, and 19, (all gaps
open) that for all aileron deflections investigated a
sudden fncrease of A% with flip deflection results at
progressively smaller negatl.ve.fllpdeflections as the
flap is deflected. The.sudden Increase of Aao Is
attributed to the separation of “theair flow over the
flap, this separation being more reat!llyinduced at flap
def’lecti.onsabove 4.0°. (See fig. 4.)

I A comparison of the flip effectiveness for various
flap deflections with the aileron neutral Is shown in
figure 20. Since the complete range of fllp deflections
was “not covered in the tests with the aileron neutral
and with the flap deflected, sor,eof the values of Aao,
shown in figure 20, were obtained by extending the curves
shown in figure 17, 18, and 19. It Is seen from figure 20
that, in general, the flip effectiveness Increases with
flap deflection. This substantially agrees with the
data of referenus 2 and 3. A comparison of figures 17
and 20 shows that for a flap deflection of’250 the flip
is about equally as effective as the aileron. Above flap
deflections of 25°, however, the flip becomes considerably
more effective than the aileron.

It Is noted in figure 15(b) t-t there is a serious
break in the lift curve at a section angle of attack of 0°
for the configuration with the flap, aileron, and fllp
deflected 50°, Oo, and -5°, respectively. Further
increases in the flip deflection to -7° and -10~ resulted
in a complete breakdown of the air flow over the flap
throughout the entire range of angles of attack investi-
gated. No etidence of the above discontlnuities is
Indicated from the results of figures 12 and 21 for a
similar configuration of the control surfaces with the

I
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flap .def’lected

7

~5°. although it is amarent from the .
resfiltsof flg~~ i2-that & gradual ‘6hangein air””flow
over the flap occurs between fllp detlectfon.sof -6~ and -8°
with the aileron defleoted -5°. With the present
arrangement of the control surfaoes, therefore, the
45° flap deflection 1s approximately the largest flap .
deflection that gives lateral oontrol -characteristics
free from the anomalous”behavior shown in fIgure 15(b).

Study of Flap Stall

In an attempt to study the”causes of’the sharp
break In the lift curve first noticed with the flap,
aileron, and flip defleoted 50°, 0°, and -5°, respectively,
and to detezmine the range of.oonfig~rations over whioh
the aforementioned break h the lift curves might exist, ~
the following tests were made:

(1) M.leron gap sealed, not faired “(fl~.22)

(2) Roughness applled to.the bottom of the flip
and then to the upper surface of the airfoil
just fOrw~d Of the flip (fig, 23)

(3) Flip gap sealed, falred, and not faired (fig. 2/+)

()+)Remolds number varied (fig. ~)

(5) RouXess applied to tie leading edge of the
model (fig. 25)

Sealing the aileron gap or applying roughness to
the~entire lower surface of the flip and then applying a
3-lnoh roughness strip to the upper surface of the airfoi1
just forward of the flip had little effect In changing
the extent of the break In the llft curve (figs. 22 and 23).
Sealing the flip gap reduced the extent of the break ~
although the resulting hysteresis effects remain objeo-
ttonable. Little scale effect is noted between Reynolds
numbers ox 6,Qo0,000 and 9,000,000.(fig. ~). Deoreasi.ng
~he Reynolds number to 3,000,000 entirely eliminated the
irregularity In the lift curve; however, accompanying
the deorease In Reynolds number was a large loss in
section lift ooefficlent over the oomplete range of
an@es of attack Investigated. Due to thts phenomenon.it
is thought that if future investigations of control
surfaces, similar to that oonstdered in the present ..

-., ,— .,, , - . . — . --- . .. .—. --- . . . ..—-
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report, are made at low Reynolds nmbers, the results of
these investigations should be checked at flight Reynolds
numbers before application to an aircraft.

A comparison of the lift charaoterlstics obtained
with the leading edge of the-model In the smooth and
rough condition is presented In figure 25 for the
configurations with the aileron neutral and with the flap
and f’llpdeflectionsv~ried.The results show that when
standard roughness was applied, the-maximum section lift
coefficient was reduced about O.~ for all flap deflections
Investigated. With the model In the rough condition and
with the flap, aileron, and flip deflected 500, Oo,
and -5°, respectively, a gradual “changein the lift curve
occurs over a large range of angles of attack as opposed
to the anomalous behavior with the model in the smooth
condition.

Inasmuch as the landing Reynolds number of this
section of the C-74 wing will be within the range of
Reynolds number in which the severe air-flow breakdown
occurs, the 50° flap-setting Is not considered satis-
factory for the landing condition.

SWARY OF RESULTS

Tests of a Douglas airfoil section of NACA 7-series
type equipped with a lateral-control device for use with
a full-span double-slotted flap, indicated the following:

1. The control-surface arrangement tested may prove
satisfactory for lateral control provided all gaps are
unsealed and a flap deflection of 45° is not exceeded.

2. With the control surfaces neutral, a reduction
in the maximum section lift coefficient was obtained
whenever the aileron gap was sealed regardless of the
condition of the other gaps.

3. The flip is considerablymore effective than the
aileron for flap deflections above about 25°.

4..The ltiited amount of data obtained at a low
Reymolds number indicated that the scale effects at
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Reynolds numbers between 3,00.0,000and 69000,000 may be
serious and should be considered in the development of
similu lateral-control devices.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.

.
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TABLEI.- ORDINATESFOR A DOUGLAS AIRFOIL OF NACA 7-WFUIW TYPE -
STATION 950 OF C-74 WING

Stationssnd ordinatesgivenIn percent of airfoil chord

Stat ion

o
.10
.25

/:

1:75
2.50
$*J5

J:5

12.’5
1

?1 .5
20
22.5
25
;;.5

32.5
35

?
J.5

Ord’tiate

Upper
Surface

z.01+38
2.7158
3.1090

?
.5635
.2192

$.:$:

6:3327
6:96%

8:0
!9:122

3
9. 516
~g.o~

10:0975
10.117

?10.070
9.716
8

$:5;!Z
9● 3370
9.0327

Stat ion

42* 5
~+ s

50”
52.5
55

ii
&5

62.5
65
6~.5

7 2.5
75

1
~*5

82.5
85

~
95

9
92.5
95

~g~o 5

Ordinate

Upper
Surface

8.6900
8.31.0

?7.07
i7:.6 .~

t
d

0?
6*?1 o

i

:4723
.9231

4*3 92
ii3*7 30

22
Z* 2:6

●

:

2.001
?1.398

:;w~

i::39;1 ~

if● 99
:;:9$0$

Zll-2. 9 6
-3.0096

Lower
Surface
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COMMITTEE FOR AERONAUTICS
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o
.
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TABLE Z

TEST PROGPA M

F3%Fi%l R

H. ~~

f 4=50; (7&o,” cfz-

3 x

9 x

c% =50” Synbd

e

.4

Des/gna fion

All gaps open
Aileron gap sealed, not f.sired
Flip gap $ealed, not falred
Flip gap sealed and falred
Roughness on bottan of”flip
3-inch roughness strip forward of flip on
upper surfaoe

Aileron and flip gap sealed, not falred
All gaps sealed and faired
Aileron gap unsealed, other gaps sealed
Flip gap uusealed; aileron gap sealed but

not faired; secondary slot sealed and
faired

Leading-edge roughuem

Note: R = 6,000,000 unless otherwise specified.

NATIQNAL ADVISORY

COMMITTEE ~ -AUTKS.

z
o
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(a) Three-quartersfrontviewofuppersurface;~f= OO.

Figure1.- Photographofa24-inchchordDmJglasairfoilofNACA 7-seriestype
withdouble-slottedflap,aileronandflip;station950ofC-74wing.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA
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(b) Three-quartersrearviewoflowersurface;bf = 0°,

Figure1.- Continued.

LANGLEY
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(c) Three-quartersfrontviewoflowersurface;bf = 50°. ,

Figure 1.- Continued.
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(d) Three-quartersrearview ofupper surface;bf = 50°,

Figure1.- Concluded.

I
I

t4AT10NAL 4DvISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGI. FY FIELD, VA

.



1

I
NATIONAL ADVISORY
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Figure 2.- Prof~le view of a 24-inch chord Douglas airfoil o.f NACA T-series
type; station 950 of C-74wing.
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Flip gap
Fliphinge line -

Flip ref. line
Aileron up

Wing ref. line
--

L=-

J“~-

0.0495c

Aileron hlnue line-v–
Flap retracted Aileron down ~

Flap extended 500

NATIONAL ADVISORY

~HlnEE FC9AMONAUTICS.

7-- Vsne

Flip hinge line

Flip ref. line

Wfng ref. llne

\

J

a7t6c .
57-A

Flap hinge line

Aileron hinge line

Aileron down

Figure 3.- Arrangement of coritrolsurfaces for a 24-1.nchchord Douglas airfoil of
NACA ‘/-seriestype; station 950 of G-74 wing.
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Flgure4 .- Lift characterletice of a Douglaa airfoil of NACA
T-series type with double-slotted flap, aileron
station 950 of C-74 wing. 6R=6L=O;R =,.6 ?:OVP*
Test, TDT 391.
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Figure 7 .- Lift characteristics of a Douglas airfoil of NACA 7-aerlea typo with double-slotted flap,@ileron,
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